In 1920, Reiman and Minot (1) showed that manganese could be quantitated accurately and readily in animal tissues even when in high dilution. It then occurred to us that if manganese compounds of relatively insoluble type could be found-substances which permitted a high degree of subdivision and suspension without agglutination in liquids suitable for animal injection-useful quantitative experiments upon the deposition and excretion of foreign particles could be accomplished. Our principal interest in such research was concerned with the idea that a more exact study of lung fibrosis due to foreign material might be made if dusts susceptible to chemical quantitation were employed, and we contemplated, at first, a series of investigations upon animals exposed to atmospheres containing different manganese dusts. There are, however, great objections to the inhalation method of getting foreign material deep into the lungs. It is not only difficult to get the dust in, but it is impossible to estimate the amount of dust which, at any given exposure, actually reaches the region of the alveoli. Even, therefore, if one does employ a dust which can be quantitated with the greatest accuracy in animal tissues, one cannot have any assurance, during the period of dusting, of the actual state of affairs in the depths of the animal's lungs. 829 It has, however, been shown (2) that particulate material given intravenously to cats is immediately arrested in certain characteristic positions and in amounts which, within rough limits, can be relied upon. Thus, 1 hour following intravenous injection of a suspension of manganese dioxide, 47 per cent of the injected material could be recovered from the lungs, 38.3 per cent from the liver, 4.3 per cent from the spleen, and the remainder was scattered through the gastrointestinal tract, bones, kidneys, etc. It is, therefore, possible to deposit particles averaging 1/, in diameter in the lung capillaries. This site of initial deposition is upon the blood side of the lung parenchyma, in contrast to what may be called the normal site of particle deposition; namely, upon the alveolar or air side of the lung tissue. Histological study of manganese dioxide arrested intravascularly showed that part of this material passed out of the vessels into the alveolar walls, and, having made this transit, occupied the position which would be taken by inhaled particles carried into the lung tissue from the alveoli. This being the case, it became our problem to test different compounds of manganese deposited in the lung by intravenous injection, in terms of their future passage through the animal. If we were to be justified in an attempt to produce lung fibrosis in cats by means of repeated small intravenous injections of different compounds, it became necessary, first of all, to determine the fate of large single injections. This paper, therefore, deals with findings in the following groups of experiments.
I. (A) Quantitation of manganese in the organs of cats which had received intravenous injections of manganese dioxide 3 to 168 hours previously. (B) A similar series of experiments upon rabbits.
II. Quantitation of manganese in the organs of cats and of rabbits which had received intravenous injections of rhodonite (manganese meta-silicate). These experiments include (A) injections of rhodonite of three different sizes into cats, followed by analyses of organs 1 hour later, and (B) injections into cats of suspensions of rhodonite particles averaging 1.1,i in diameter, with analyses of organs 1 to 55 days later, and into rabbits, with analyses of organs 1 to 16 days later.
EXPERIMENTAL.
I. The Fate of Manganese Dioxide Administered Intravenously.
A. Cats.-In all the experiments with manganese dioxide the suspensions used for injection, the technique of the injections, and the method of quantitative analysis for manganese were the same as those used by Drinker and Shaw (2) and are described in detail in their paper. It is sufficient, here, merely to recall the fact that these injections consisted of a suspension of powdered, chemically pure manganese dioxide containing no particles or aggregates of particles larger than 1 u suspended in an acacia-sodium chloride solution. Table I gives the average percentages of the original injections of manganese recovered from the liver and lungs of a series of cats injected intravenously 1 to 168 hours previously with manganese dioxide. In cases of survival longer than 3 hours, the injection was made under ether or under local anesthesia. On the hour terminating the experiment, the animals were anesthetized with ether and bled to death. In the short period experiments, urethane anesthesia was used and the animals were bled to death while under this anesthetic. The size of the injections ranged from 3.92 to 10.68 mg. of manganese, the average injections being 6.4 mg. In each instance the normal manganese content of the organ was subtracted from the amount of manganese recovered before the percentage recovery was estimated. Unless indication is made to the contrary, this is true of all percentage recoveries reported in this paper. The figures in Table I illustrate the initial large deposition of manganese in the lungs of the cat, the prompt transference of the lung manganese to the liver, and the gradual elimination of manganese from the body. Analyses of the other organs and tissues of the body, 168 hours after injection of manganese dioxide, gave practically negative results. The liver was the only organ which contained more than 0.3 per cent of the original injection.
Text- fig. 1 illustrates graphically the figures and facts given in Table I . The chief points of interest in this chart are the rapid rise in the height of the liver curve, corresponding to the fall in the curve of percentage manganese in the lung, and the fact that after the first 20 hours the liver curve and the curve of total recovery from the lungs and the liver practically coincide.
B. Rabbits.-Lund, Shaw, and Drinker (3) have shown that manganese dioxide, given intravenously to the rabbit, rat, guinea pig, dog, chicken, and turtle, is immediately arrested in the liver, practically to the exclusion of other organs. To this group the monkey can now be added. Owing to the fact that in the cat there is an apparent transfer of manganese dioxide from lungs to liver, it was decided to follow the rate of elimination in the rabbit, in which the entire process is carried on without lung intervention. Table I . The purpose of this is to illustrate the normal variation in rate of excretion which occurs among different animals of the same species.
The principal facts which Table II illustrates are the small initial deposit of manganese in the lungs of rabbits, the very large initial .C =1
.T° az deposit in the liver, the individual variations which occur among animals of the same species in rate of excretion, and the steady elimination from the body of the rabbit of intravenously injected manganese dioxide, an elimination more rapid than in the cat because of the fact that the rabbit lung plays practically no part in the initial removal from the blood stream of intravenously administered manganese dioxide.
II. Particles of the desired size were sorted out by the process of settling. This was accomplished by adding distilled water to rhodonite powder and decanting the mixture into a large wide mouthed bottle. The bottle was thoroughly shaken and the rhodonite allowed to settle until particles larger than those desired had fallen below a given level. Suspension A l , for example, was obtained by allowing the undifferentiated suspension to settle for 3 hours. A glass tube with one end turned to form a U and the other end attached to a suction bottle was then introduced at a point 1 inch below the surface and the overlying suspension was drawn off. The stock bottle was again shaken and the process of settling and draining off of the upper layer of liquid repeated until a sufficient quantity of suspension containing particles of the desired size was obtained.
The length of time during which each suspension was permitted to settle was determined originally by microscopic examination of the layer of liquid to be withdrawn, and was increased or shortened depending on whether larger or smaller sized particles were desired. In any event, the supernatant liquid always contained not only the largest sized particles desired but also smaller particles, ranging down to those of ultramicroscopic size. The size of particles referred to in our suspensions, therefore, indicates the size of the largest particles present.
Suspension C was obtained, not by the process of settling, but by centrifugalization of a suspension of rhodonite in distilled water. As an extremely fine suspension was desired, centrifugalization, rather than settling, was employed in order to save time. Particles of rhodonite suspended in distilled water will remain discrete for an indefinite period provided they are kept at a temperature of about 2°C.
The terminology employed in referring to the suspensions in the experiments may be explained as follows:
Suspension Al.
--This contained all particles which settled at a rate of not more than 1 inch in 3 hours. The maximum size of these particles, calculated theoretically from the density of rhodonite (3.62) and from the speed of settling, was 1.31e (4) .
Suspension B'.-This suspension, obtained from the same stock suspension as A', contained all particles which settled at a rate of not more than 1 inch in 20 hours. Calculated theoretically, the maximum size of these particles was 0.5.
Suspension C.-The supernatant liquid obtained by centrifugalizing for 3 minutes at high speed the original stock suspension of rhodonite from which Suspensions Al and B' were taken, was designated C'. The largest sized particles in this suspension were just visible microscopically and exhibited active brownian movement. It is safe to conclude that Suspension C contained no particles above 0.2E in diameter.
Suspension A 2 .-The discovery of the presence of traces of soluble manganese in Suspensions A', B l , and C' after they had been used in a brief series of experiments led to the preparation of a fourth suspension, A 2 , which, before the process of settling was undertaken, was washed with nitric acid in order to remove the readily soluble manganese, and finally with distilled water until the wash water was neutral to litmus. Suspension A 2 contained all particles which settled at a rate With the exception of a brief series of experiments with Suspensions A l , B', and C', in which the deposition in the body of different sized particles was compared, Suspension A 2 was used in all the rhodonite work. The amount of rhodonite injected varied from 0.9 to 2.1 mg. per kilo of body weight, the concentration from 0.137 to 0.328 mg. of manganese per cc. of injection. With the exception of Suspension C', the volume of the various rhodonite injections ranged from 20 to 25 cc. of suspension. Owing to the difficulty of concentrating Suspension C with its very fine particles, either by settling or by centrifugalization, the concentration of this suspension averaged only 0.0714 mg. of manganese per cc. of suspension. For this reason, 60 cc. of this suspension were injected. In all instances, the suspensions were made physiologically saline with sodium chloride before introduction into the animal.
The actual injection of the suspension, as with manganese dioxide, required 2 to 3 minutes and never caused the least toxic effect. Injected animals remained in good health for indefinite periods.
Organs obtained immediately after the animal had been bled to death were analyzed quantitatively by a modification of the ReimanMinot method of manganese determination. Since a description of this modified method has never been published, it seems worth while to include at this point a brief account of it.
Technique of Manganese Meta-Silicate Determination.-Tissues to be analyzed are carefully cleaned of adhering bits of fat and connective tissue and are weighed as promptly as possible after removal from the animal. In the present experiments wet weights were used throughout. After being weighed, tissues are placed in small porcelain evaporating dishes and are dried from 12 to 36 hours in a gas oven, the time depending on the size of the tissue. The dishes are then transferred to an electric furnace which is gradually raised to a temperature of 700-1000C. and maintained at this point until all carbon in the dishes has disappeared (usually 1 to 2 hours). Occasionally a certain amount of graphitic carbon remains even after prolonged heating in the furnace. If the amount of graphite is more than trifling, it is readily oxidized by the addition of a few crystals of a mixture of sodium and potassium nitrates, with subsequent heating over a Tirrill flame.
From this point until the manganese salts have been converted to sulfates, the procedure departs from the original Reiman-Minot method of manganese determination-a departure necessitated by the fact that the substance is a silicate instead of an oxide of manganese.
The ashed tissue is now fused with an equimolecular mixture of sodium and potassium carbonates. On completion of the fusion, 20 to 30 cc. of hot distilled water are added to each dish in order to dissolve the excess sodium and potassium carbonates and the soluble alkaline silicates present, as well as the water-soluble chlorides, the phosphates, and the sulfates originally present in the tissues. When cooling has occurred, 50 per cent hydrochloric acid is added very slowly from a pipette to each dish until effervescence ceases. The dishes are then heated on a sand bath until no further evolution of carbon dioxide occurs on the addition of acid.
The material in the porcelain dishes is next transferred, with the aid of hot distilled water, to quartz beakers (preferably of 150 cc. capacity). To each beaker are added 5 cc. of concentrated sulfuric acid and the mixture is heated in a hood until there are left in the beaker only a few cubic centimeters of a clear fused material at a cherry-red heat. This evaporation may be effected over a Tirrill burner or, preferably, with a Bunsen burner, ring form, in order to prevent bumping. The completion of the acid fusion eliminates chlorides from the material to be analyzed and leaves the manganese in sulfate form.
With one or two minor exceptions, from this point on the procedure is the same as that described by Reiman and Minot (1) . Since the concentrations of manganese present in the tissues in the present experiments have greatly exceeded those with which Reiman and Minot were working, we have had to use more ammonium persulfate in bringing about the final color reaction-3 to 4 gm. as against their 0.5 gm.
The only point of difference in our technique worth mentioning is the fact that we never used Nessler tube standards which contained more than 0.012 mg. of manganese. When the color in a sample was higher than this figure and yet not high enough to read on the colorimeter, we diluted a given portion of the sample until the color was within the range of our standards, making allowance for the dilution in our final calculations. It is obvious that all reagents must be proved absolutely free from even traces of manganese before they can be used in this work.
The accuracy of this method of manganese quantitation for biological work was tested by check analyses on known weights of dried rhodonite suspensions and by analyses of horse meat to which known weights of dried rhodonite suspensions had been added. In order to determine whether or not it is possible to recover, by the method of analysis used, approximately all the manganese when rhodonite is added to biological material, known weights of dried rhodonite suspension were added to 20.5 gm. samples of finely ground horse meat and the tissue was analyzed for manganese. Table III gives the results of five analyses and shows that it is possible to recover from biological material, within the limits of the accuracy of a quantitative chemical method involving a colorimeter reading as an end-point, all the manganese added to the biological material when the manganese added is in the form of a suspension of rhodonite particles.
A. Injections of Rhodonite Suspensions of Different Sizes into Cats.
A brief series of experiments consisted in the injection into cats of rhodonite suspensions of three different sizes-Suspensions Al, B, and C'-with analyses of tissues 1 hour later. These suspensions, as explained above, had not been washed with nitric acid and contained, therefore, a certain proportion of readily soluble manganese. The relative sizes of the largest particles in these suspensions were: Al, 1.3u; B,0.5 u;and C, 0.2 u. (In Suspension Cl the majority of particles were ultramicroscopic.) The amounts of manganese injected varied from 3.3 to 4.84 mg., the average amount being 3.999 mg. The results of this work are summarized in Table IV , which gives the percentage recoveries of manganese in the lungs and liver of the cats in this series 1 hour after intravenous injection. The points to be noted in this table are the following. (a) The greater tendency on the part of the lungs to intercept and to retain the large sized particles. This may possibly be a function of the greater rate of speed with which large sized particles, as contrasted with smaller ones, will settle out of a moving stream, or it may indicate that the lung is less efficient than the liver in removing particles from the blood stream unless they are of considerable size. (b) The greater efficiency of the liver than of the lung in intercepting the smaller sized particles. (c) The fact that at the end of 1 hour practically the same total (90.1 to 93.3 per cent) of manganese is recovered from the liver and lungs of cats regardless of the size of the particles injected.
Text- fig. 2 illustrates graphically the facts brought out in Table IV . fig. 3 pictures graphically the rate at which rhodonite is eliminated from these organs. The most significant features of this chart are (a) the length of time which rhodonite remains in the bodies of animals injected with this substance, and (b) the fact liver may be receiving and disposing of a certain increment of manganese from the lung, it is probably not taking care of all the material eliminated from that organ. In attempting to throw light on this point, the obvious possibility occurred to us that some of the lung manganese might be eliminated by way of the trachea. In order to test this point, analyses were made of the normal manganese content of trachea 2 from ten normal cats. These analyses ranged from 0 to 0.011 mg. of manganese, the average content being 0.0086 mg. Trachea of cats injected with rhodonite 1, 3, 5, 6, 7, 9, 18, 21, 25, and 28 days before death showed, respectively, the following manganese contents: 0.016, 0.010, 0.008, 0.006, 0.014, 0.011, 0.012, 0.030, 0.022, and 0.010 mg. of manganese, the average of these figures being 0.0139 mg. This represents an average increase over the normal manganese content of the trachea of 61.6 per cent, and suggests that some of the injected rhodonite is eliminated by way of this organ.
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Rabbits.-Injections of rhodonite were made into six rabbits and the organs of these animals were analyzed for manganese after 1, 5, 6, and 24 hours, and 6 and 16 days. The amounts of material injected varied from 3.99 to 5.065 mg., the average injection being 4.476 mg. of manganese. Table VI gives the percentage findings of manganese in the lungs and liver of these rabbits.
DISCUSSION.
The observations reported are of interest in several directions. First, it is shown that manganese dioxide has little permanence as a foreign substance in the animal body. This finding is contrary to our original assumption in regard to this compound. Manganese dioxide is a substance which can be dissolved readily in strong reducing acids and, when powdered, in weak acids if organic material is present. Table I and Text- fig. 1 show that manganese dioxide deposited in the lung capillaries by intravenous injection begins to diminish in amount within 3 hours after injection, that there is simultaneous increase of manganese in the liver, and that within 6 hours after injection the total amount contained by these organs has fallen when compared with the amount which must have been present immediately after injection. We have performed a number of experiments in an attempt to discover whether the manganese dioxide deposited originally on the inner surface of the endothelium of the lung capillaries is washed away by the blood current and is then caught more permanently by the Kupffer cells lining the liver capillaries, or whether the manganese dioxide is phagocytosed in the lung, broken down into soluble manganese, returned to the blood stream, and removed from the blood by the liver. In regard to the first of these alternatives, it will be noted that the transfer of manganese from lungs to liver begins promptly after injection and takes place with considerable rapidity. Fenn (5) has recently shown that manganese dioxide is taken by phagocytes with the greatest readiness. His data, however, give no idea as to how firmly the substance is held after being phagocytosed. In the rabbit, in which practically the entire injection of manganese dioxide is removed from the blood stream by the Kupffer cells of the liver, we have found both dissolved and insoluble manganese in the bile collected following the injection. It is true that the amount of manganese dioxide which reaches the bile in these animals is never great, but the fact that it appears at all shows that phagocytosed manganese dioxide can escape solution for a considerable period of time.
In regard to the second alternative, namely the solution of manganese in the lungs with subsequent removal of dissolved manganese from the blood by the liver, a number of points arise. First, the manganese dioxide employed is in very fine subdivision, a state most favorable for immediate reduction. It is, furthermore, both in the lungs and in the liver, deposited on endothelium which, in great part at least, is bathed by highly venous blood. Jacobs (6) has shown that intracellular acidity due to carbonic acid may be far greater than the acidity of the surrounding medium. This is due to the high penetrating power of the carbonic acid molecule as compared with that of other acids. If these facts are taken into consideration, it is evident that in the lungs as well as in the liver the surroundings are very favorable for the reduction of phagocytosed manganese dioxide particles, the conversion of the manganese to carbonate, and the diffusion of this carbonate into the tissue fluids or back into the blood stream from which it will subsequently be removed by the liver. In this general connection, it is worth noting that Gardner and Dworski (7) have recently shown that marble dust inhaled by guinea pigs is removed by solution in the body fluids and also apparently by solution after phagocytosis. That calcium carbonate should be so handled is not surprising. Minot 3 has recently found that lead chromate insuflated into the lungs of cats is removed from the lungs apparently after being dissolved. This substance is quite insoluble, and the fact that it is broken down within the lungs is evidence of the ability of the lung phagocytes to attack foreign substances.
In Section II of this paper it has been shown that rhodonite deposited in the lungs of cats apparently does not undergo transfer to the liver before excretion; that is to say, as manganese disappears from the lungs there is no corresponding rise in the amount of this substance recovered from the liver (Text-fig. 3 ). The mechanism of primary removal of rhodonite from the blood by the lungs is undoubtedly similar to that operative with manganese dioxide, but appreciable amounts of the silicate do not shift from the lungs to the liver either in soluble or in insoluble form. This fact, however, has no necessary bearing on the mechanism of removal of manganese dioxide from the lungs. With the silicate, retention of particles in the lungs may depend upon many factors, such as the penetrating power of the sharp silica particles, a greater retentive power of phagocytes for these particles once they are ingested, and other possibilities which need not be mentioned. Table II indicates the rapidity with which the rabbit gets rid of manganese dioxide. In this case the whole process is carried out by the liver. The initial deposition of the substance on the Kupffer cells is readily seen microscopically, and occasional particles can be found in the liver parenchyma. Careful chemical examination of many specimens of bile from injected rabbits has shown that not only is dissolved manganese excreted in this way but also intact particles of manganese dioxide pass into the bile. In a series of four rabbits in which the common bile duct was cannulated and bile collected for periods of 8 to 15 hours after injection of average doses of approximately 15 mg. of manganese dioxide, the bile obtained was centrifuged for 50 to 60 minutes at high speed, and the supernatant liquids and the sediments obtained were analyzed for manganese. The average percentages of the total manganese recovered in these biles were 12.2 per cent in the supernatant liquids and 87.8 per cent in the sediments. 4 This clearly indicates that manganese dioxide is excreted in the bile in particulate as well as in soluble form.
That dissolved manganese is excreted in the bile has been known for a long time (8) , but that particles of any sort pass through the liver is, we believe, a unique observation. In contrast to these inorganic substances, it is noteworthy that typhoid bacilli, given intravenously to rabbits, reach the bile within the gall bladder from the blood and apparently do not pass through the liver (9) . It is possible, however, that injected organisms may pass into the liver on their way to the bile but be killed in the process so that cultures made from hepatic duct bile would be sterile.
Dissolved manganese is excreted not only by way of the bile but also directly by the blood into the intestines. A negligible amount of dissolved manganese reaches the urine, and it seems possible that a few particles of manganese dioxide which reach the alveoli may pass up the trachea, in which case the manganese would be swallowed and would eventually be excreted in the feces. In the case of rhodonite, we have gained definite evidence that the particles deposited in the lungs do in some measure take this last route of excretion, but for manganese dioxide we have not obtained convincing results on this point.
The experiments with manganese meta-silicate include, first, a small group upon the effect of particle size on the immediate site of deposition in cats. Text- fig. 2 presents a graphic summary of these experiments. In a previous paper, it has been shown that neither circulatory conditions in the animal, nor, within reasonable limits, the volume of the suspension injected, affects the immediate distribution of the suspended manganese dioxide. This chart shows the greater ease with which larger particles are arrested in the lungs. Miller (10) has shown that the blood capillaries of the mammalian lung average about 7A in diameter. The largest particles in the suspensions used in the present work were 1. 3 A in diameter and microscopic examination of lung specimens following injections of the material have never shown emboli. We are disinclined to believe that the difference observed in the deposition of the three sizes of particles is due to capillary blockage. The chances that the largest particles will collide with the capillary walls and be held are, of course, greater than with the smaller ones. This has been brought out by Fenn (4) in his studies on phagocytosis of carbon and silica, and he has also shown that large particles are more readily seized and held than small ones (5) . It is of interest that as our particles reach colloidal dimensions the number garnered by the liver increases.
In rabbits injected with particles of varying size and with true solutions of manganese, practically the entire injection may be recovered from the liver. Voigt (11) , in the case of colloidal silver, Duhamel (12) , employing colloidal solutions of silver, platinum, selenium, mercury, copper, and iron, and Sabbatani and Salvioli (13), using colloidal ferric oxide, have noted the same thing. The last authors have been interested entirely in initial deposition. Gye and Purdy (14) have made repeated intravenous injections of colloidal silica in rabbits and have observed the appearance of fibrosis in the liver, spleen, and kidneys. They regard these pathological developments as expressions of an inherent toxic property of the silica sol employed. Their work is not controlled by injections of any other colloidal material, and it is obvious that the sites of fibrosis observed by themliver, spleen, and kidneys-are those chosen for deposition from the blood of all the different substances so far studied in which the individual particles measure from colloidal up to 2 in size. We have not as yet made experiments with repeated injections of manganese compounds but have observed increased fibrosis in the liver of cats receiving single large injections of rhodonite with a maximum particle size of 1.3,. Gye and Purdy (14) attribute the fibrosis observed by them to the presence of silica sol, which they believe to be a capillary poison. In a third paper by Gye and Kettle (15) , this idea is summarized as follows:
"Our work has been based on the known facts-(1) that colloidal silica is a cell poison; (2) that colloidal silica is the most easily formed soluble form of silica, the circulation of silica in nature depending upon this; and (3) that living matter (soil bacteria) is able to break up mineral silicates with formation of soluble silica (Bassalik, 1913) . We judged it probable that the fibrosis brought about by finely-divided silica was due to the slow formation in the tissues of silica sol, either directly or through the intermediate formation of sodium silicate which is decomposed by carbonic acid, the soil formed acting as a cell poison. The direct proof of this has been found impossible, and we are, therefore, compelled to fall back upon indirect evidence."
The evidence presented consists of a series of subcutaneous injections of orthosilicic acid, so called soluble silica-in reality, a colloidal solution of silica-and insoluble silica in the form of silicon dioxide. The latter substance is quartz and is not a silicate, so that the reasoning used by Gye and Kettle does not necessarily apply to it. When these substances were injected they induced similar lesions.
"The only obvious difference is that the reaction is more rapid and more transient with colloidal silica, and our findings support very strongly the view that SiO2 becomes soluble by hydration in the tissue; but, inasmuch as with insoluble silica the reaction is somewhat delayed, the lesions produced by this substance lend themselves rather more readily to analysis than those produced by colloidal silica."
It is difficult to conceive that SiO2 can be rendered soluble in the manner assumed by these authors, and even if this is the case it cannot as yet be considered that the fibrotic changes observed by Gye and Purdy in the liver of rabbits, following intravenous injection of colloidal silica, are certainly the expression of a specific toxic property of silica and are not foreign body reactions induced by a substance which possesses an extraordinary quality of permanence after deposition. Table V and Text- fig. 3 show that rhodonite suspensions injected intravenously into the cat do remain in the animal for a long period and that there is no shift from lungs to liver as with manganese dioxide. On microscopic examination of the liver of these animals one finds, after several weeks, evidences of fibrous tissue increase. This cannot be made out with definiteness in the lungs, but we believe that it will appear on repeated injection, and experiments of this type are now in progress. Rhodonite is, therefore, a suitable substance with which to attempt the studies on lung fibrosis originally projected, and, with it as a standard injection, one should be able to compare the effects of carbon, cement, jute, and other dusts which cannot be quantitated chemically but which have been suspected, both directly and indirectly, of causing lung damage.
As with manganese dioxide, we have attempted to find out how rhodonite leaves the body. In the cat evidence has been gained of a constant slow removal from the lungs via the trachea; that is, particles deposited on the inside of the blood capillaries pass into the alveoli and eventually reach the trachea. In regard to the rabbit, Table VI shows the steady elimination which occurs from the liver. As with the dioxide, the bile obtained after the injection of rhodonite contained both dissolved and particulate manganese. The fact that rhodonite, a silicate, is dissolved in the body makes us turn once more to the ideas of Gye and his coworkers. Undoubtedly, at least a fraction of this silicate is broken down, and one of the products may possibly be colloidal silica. The actual establishment of this supposition as a fact would appear impossible, and it is impossible as yet to decide what fraction of the silicate is eliminated intact and what fraction after disintegration. SUMMARY.
1. Suspensions of manganese dioxide given intravenously to the cat are virtually eliminated from the body in 1 week (168 hours).
2. As this process of removal goes on, there is a transfer of manganese from lungs to liver.
3. Similar suspensions of manganese dioxide given intravenously to rabbits are excreted more rapidly, owing to the fact that in these animals the lungs are not involved and the whole process of removal from the blood is carried on by the liver. 4 . A method for the quantitation of rhodonite (manganese metasilicate) is given.
5. Three different suspensions of rhodonite, varying in the size of the largest particles from 1.3 to 0.2/u, when injected intravenously into cats show a greater and greater tendency toward arrest in the liver as the size of the individual particles becomes smaller.
6. When rhodonite suspensions containing particles averaging 1.1,u in diameter are injected intravenously into cats, the primary sites of deposition are similar to those observed for manganese dioxide suspensions similarly injected. The disappearance of rhodonite is exceedingly slow and is apparently completed in about 50 days following injection.
7. Rhodonite should prove a suitable substance with which to attempt the production of lung fibrosis in cats through the medium of intravenous injection. Manganese dioxide, while a useful agent for studying the immediate sites of localization of particulate material carried by the blood, lacks permanency after deposition and is consequently unsuitable for studies upon chronic changes induced by foreign substances.
